Aspergillus fumigatus, the major etiological agent of human and animal aspergillosis, is a toxigenic fungus largely regarded as a single species by macroscopic and microscopic features. However, molecular studies have demonstrated that several morphologically identified A. fumigatus strains might be genetically distinct. This work was aimed to apply PCR-restriction length fragment polymorphisms (PCR-RFLP) and random amplification of polymorphic DNA (RAPD) molecular markers to characterize a set of feed-borne and clinical A. fumigatus sensu lato strains isolated from Argentina and Brazil and to determine and compare their genetic variability. All A. fumigatus strains had the same band profile and those typical of A. fumigatus sensu stricto positive controls by PCR-RFLP. Moreover, all Argentinian and Brazilian strains typified by RAPD showed similar band patterns to each other and to A. fumigatus sensu stricto reference strains regardless of their isolation source (animal feeds or human/animal clinical cases) and geographic origin. Genetic similarity coefficients ranged from 0.61 to 1.00, but almost all isolates showed 78% of genetic similarly suggesting that genetic variability was found at intraspecific level. Finally, benA sequencing confirmed its identification as A. fumigatus sensu stricto species. These
Introduction
Aspergillus fumigatus, the major etiological agent of human and animal aspergillosis, is a thermophilic fungus commonly found in contaminated animal environments. This fungus is frequently isolated from sorghum and maize silages and other contaminated animal feeds [1] [2] [3] . Large number of spores is easily spread in the air indicating its high risk of exposure both for animals and humans. In ruminants, this fungus causes several pulmonary processes, abortion, mastitis, and other clinical cases [4, 5] . Moreover, it is able to produce tremorgenic mycotoxins that could induce neurological syndromes to farm workers who manipulate moldy feed containing it [6] .
Aspergillus fumigatus is identified by macroscopic and microscopic features and, despite small variations in phenotype, has been largely regarded as a single species. However, molecular studies have demonstrated that several morphologically identified A. fumigatus strains might be genetically distinct [7, 8] . Species such as A. lentulus, A. viridinutans, A. fumigatiaffinis, A. fumisynnematus, N. pseudofischeri, N. hiratsukae and N. udagawae are frequently reported as A. fumigatus [9] [10] [11] [12] . Some of these species have been recently described as human pathogens, particularly A. lentulus, A. viridinutans, N. pseudofischeri and N. udagawae showing in vitro resistance to azole antifungals like A. fumigatus [13, 14] . Therefore, molecular identification is currently recommended to the correct identification of species within the "A. fumigatus complex" group since the members of this section have different antifungal susceptibility profiles [14] . In order to resolve this issue, different approaches have been applied to identify the species belonging to the section Fumigati. Among them, Staab et al. [15] devised a species identification scheme based on the β-tubulin gene (benA) to rapidly identify A. fumigatus sensu stricto, A. lentulus and N. udagawae using polymerase chain reaction (PCR)-restriction length fragment polymorphisms (PCR-RFLPs) with BccI restriction enzyme. These authors suggested that BccI polymorphisms are genetically stable and characteristic of each those species in the section Fumigati. Furthermore, Hong et al. [7, 16] reidentified strains of A. fumigatus sensu lato (identified based on morphology) obtained from different sources applying random amplification of polymorphic DNA (RAPD) with primers PELF and URP1F. Thus, these species identification schemes based on molecular markers are useful tools for A. fumigatus sensu stricto and related species discrimination in the section Fumigati and also, for their genetic variability estimation. To our knowledge, this is the first report on the molecular characterization of A. fumigatus strains isolated from animal feedstuffs in Argentina, applying neutral molecular markers. Recently, a set of A. fumigatus strains isolated from animal feeds and clinical ones isolated from animal and human aspergillosis in Brazil, was typified by PCR-RFLP markers using tree restriction enzymes among which was the BccI enzyme. However, no genotypic differences were obtained between them [17] . This work was aimed (i) to apply PCR-RFLP and RAPD, a more polymorphic molecular marker, to confirm characterize feed-borne and clinical A. fumigatus sensu lato strains isolated from Argentina and Brazil and (ii) to determine and compare their genetic variability.
Materials and methods

Aspergillus fumigatus strains
A subgroup of 35 strains from a working group of 143 A. fumigatus sensu lato strains isolated from animal feeds in Argentina were included in the PCR-RFLP analysis. While 70 strains, including the Argentinian strains typified by PCR-RFLPs, other 18 Argentinian strains (not characterized by this technique) and 17 Brazilian A. fumigatus sensu lato strains (typified by PCR-RFLPs by Soleiro -Pena et al. [17] ) were used during RAPD fingerprinting. Moreover, based on the molecular fingerprinting results, 17 strains with different band profiles were selected for β-tubulin (benA) sequencing (Table 1 ). All selected strains for molecular analysis as the remaining strains from the working group (143) were previously identified by using the morphological criteria [18, 19] . Then, they were assayed for gliotoxin production ability in Yeast Extract Agar (YES) medium [17, 20] . The selected strains for molecular analysis were representatively chosen from the different isolation sources studied in this work according to their phenotypic variability and gliotoxin production abilities. Fungal biomass production and DNA extraction
From each A. fumigatus strain grown on Malt Extract Agar (MEA), spores were harvested and used to inoculate Erlenmeyer ffiasks of 250 ml containing 50 ml of sterile Wickerham medium [21] . These ffiasks were incubated on an orbital shaker at 1.26 g at 25 ± 1 • C for 3 days. Mycelia were harvested by ffiltration through nongauze milk ffilters (Ken AG, Ashland, Ohio, USA) under negative pressure created by vacuum and washed with sterile distilled water. The excess water was removed by blotting mycelia between clean paper towels and finally, dried mycelia were frozen at −20 • C until ground. Fungal DNA was extracted using a hexadecyltrimethylammonium bromide (CTAB) procedure [22] . To quantify the total DNA extracted, samples were subjected to electrophoresis on 0.8% agarose gel stained with ethidium bromide (0.5 μg ml −1 ). After the run, DNA concentration and purity was determined by UV spectrophotometry.
PCR-RFLP
Previous to the in situ PCR-RFLP, an in silico assay with different restriction enzymes was carried out through NEBcutter V2.0 (http://tools.neb.com/NEBcutter2/) online tool. Before generating restriction maps, benA sequences from A. fumigatus, Neosartorya udagawae and A. lentulus, were obtained from GenBank database and aligned using the ClustalW algorithm [23] as implemented in the program BioEdit v7.0.9.0 (http://www.mbio.ncsu.edu/RNasaP/info/ programs/BIOEDIT/bioedit.html) [24] . Consequently, BccI restriction enzyme was chosen due to its availability and because it produces different band patterns that allow distinguishing these closely related species into Aspergillus section Fumigati. In situ PCR-RFLP assay was performed using the method proposed by Staab et al. [15] as a reference protocol. However, this method has been modified by using primers Bt2a (5 -GGTAACCAAATCGGTGCTGCTTTC-3 ) and Bt2b (5 -ACCCTCAGTGTAGTGACCCTTGGC-3 ) [25] for benA amplification, which yielded a higher size amplicon (550 bp instead of 498 bp, longer at 3 end). PCR reactions were made with 10-20 ng of fungal DNA in a total volume of 50 μl of 1 × reaction buffer containing 2 mM MgCl 2 , 1.25 U Taq DNA polymerase (5 U/μl, Invitrogen by Life Technologies, Buenos Aires, Argentina), 0.2 mM of each dNTP and 0.4 μM of each primer. A negative control, containing all reagents without fungal DNA, was included in every set of reactions. Also, Aspergillus fumigatus sensu stricto RC2063 (GenBank accession number: JX277549) and A. fumigatus sensu stricto RC2108 (GenBank accession number: JX277548), previously identified by benA sequencing, were included as positive controls. PCR was conducted according to the following cyclic conditions: initial denaturation at 94
• C for 
RAPD-based characterization
Before typing the selected strains, we checked repeatability and reproducibility of RAPD technique in the Hong et al. [7] protocol. These parameters were assayed using seven reference strains (mentioned below) and other seven A. fumigatus sensu lato strains selected according to the following criteria selection: the presence of at least one strain of each isolation source and their gliotoxin production in YES medium (data not shown). Seventy A. fumigatus sensu lato strains were selected for their identification at species level and estimation of genetic variability by RAPD technique with PELF and URP1F primers, according to the methods proposed by Hong et al. [7] ( Table 1 • C indeffinitely. PCR products were electrophoresed on agarose gels, photographed and analyzed as was stated above (in the preceding section). The presence or absence of polymorphic RAPD bands was scored manually and the data recorded in a binary format. Each scored band of differing mobility was treated as a single independent locus with two alleles (present or absent).
Genetic distance and cluster analysis of RAPD data
To estimate the genetic distances between individuals, similarity coefficients (S) were calculated using the formula: S = 2 N xy /(N x + N y ), where N x represents the number of fragments amplified in isolated x and y, respectively; and N xy is the number of fragments shared by the two isolates [27] . Genetic distance (D) was derived from similarity coefficients as follows: D = 1-S. Genetic distance matrices were constructed for isolates using the compiled RAPD data obtained from both primers. Dendrograms were obtained using the unweighted pair-group method using arithmetic averages (UPGMA) clustering strategy of the NTSYSpc 2.0 (Numerical Taxonomy System; Applied Biostatistics Inc., New York, NY, USA) software package [28] . The RAPD data were subject to bootstrap analysis with 1000 replications using the program PAUP * 4.0 [29] to determine whether there was significant genetic substructure or clustering among isolates as resolved by RAPD data.
Sequencing of benA regions
Based on PCR-RFLP and RAPD fingerprinting results, 17 strains were selected according to their position on RAPD dendrogram for sequencing of benA regions for definitively confirm its taxonomic state at species level. Amplifications were performed according to Samson et al. [30] . A negative control, containing all reagents without fungal DNA, was included. Aspergillus fumigatus sensu stricto RC2063 (GenBank accession number: JX277549) and A. fumigatus sensu stricto RC2108 (GenBank accession number: JX277548), previously identified by benA sequencing, were included as positive controls. Amplification was made as follows: 5 min at 94
• C followed by 35 cycles of 1 min denaturation at 94 • C followed by primer annealing 1 min at 58
• C and primer extension 1 min at 72
• C and a final 7-min elongation step at 72
• C. PCR products were detected after electrophoretic run on 1.5% agarose gels stained with ethidium bromide (0.5 μg/ ml). The DNA 100-bp ladder (New England Biolabs, Inc., Ipswich, MA, USA) was used as molecular size marker. 
Results
PCR-RFLP
Primers Bt2a and Bt2b amplified a 550 bp-DNA fragment, which was then used as template DNA in the restriction reaction. Enzymatic digestions of benA amplicons with BccI showed a 100% of concordance with restriction maps resulted from the in silico assay. PCR-RFLP profiles of feedborne A. fumigatus strains isolated in Argentina are shown in Figure 1 . Three DNA fragments of 100, 150, and 300 bp were obtained among all assayed strains, all they had the same band profile and the according to A. fumigatus sensu stricto RC2063 and RC2108 positive controls.
RAPD-based fingerprinting
Primers PELF and URP1F were tested for their ability to produce polymorphic and reproducible band patters among the Aspergillus section Fumigati isolates. Band reproducibility was verified at least twice, and identical results were obtained in all the experiences. Seventy isolates of A. fumigatus coming from different isolation sources showed similar band patterns to each other and to A. fumigatus sensu stricto CBS 127.801 and CBS 127.27 reference strains, although some isolates showed differences in some bands. strains; however, all selected strains for RAPD analysis were tested with both primers. Brazilian strains tested with both primers showed similar band patters among them and to A. fumigatus sensu stricto reference strains and to A. fumigatus RC2063 and RC2108 strains regardless of their isolation source (animal feeds or human/animal clinical cases). Moreover, after comparing those band patters with the Argentinian isolates both genetic profiles were similar. As were observed during the repeatability and reproducibility assays, primers PELF and URP1F were able to separate A. fumigatus sensu stricto, A. udagawae, A. lentulus, and A. novofumigatus reference strains. Forty-seven distinct and scoreable bands were obtained with both primers and allowed the construction of 70 isolates × 47 loci data matrix, which was analyzed and used to produce a dendrogram (Fig. 3) .
The resultant UPGMA dendrogram allowed the comparison among the haplotypes and showed a clear separation of these four type-strains into section Fumigati with similarities <50% (Fig. 3) The strains included in the analysis were grouped in two main clusters (I and II). Cluster I included A. lentulus CBS 117.267, and cluster II grouped all the remaining strains although it was sub-divided in other two groups (IIa and IIb, 55% of statistical support). Cluster IIa included A. udagawae (CBS 114.217 and CBS 114.218) and cluster IIb A. novofumigatus (DTO 249-H5 and CBS 117.519), all A. fumigatus strains analyzed and A. fumigatus sensu stricto (CBS 127.801 and 127.278) reference strains (53% of statistical support). This group was also divided in again two more clusters (IIb1 and IIb2). Cluster IIb1 included both A. novofumigatus reference strains and IIb2 grouped the two A. fumigatus sensu stricto reference strains and all A. fumigatus used in this study (92% of statistical support). Isolates placed in this group included A. fumigatus strains from different sources of isolation, which showed 78% of genetic similarly among them. However, it included a subcluster that grouped four strains isolated from pet food, poultry and chinchilla feeds that showed by guest on July 1, 2015 http://mmy.oxfordjournals.org/ Downloaded from less homology with the remaining A. fumigatus strains analyzed (77% of statistical support). The strains were assigned to a species if they shared more than 50% of the bands with the reference strain. Therefore, all A. fumigatus assayed strains were typified as belonging to A. fumigatus sensu stricto species. In addition, RAPD fingerprinting also allowed demonstrating intra-specific genetic variability in the A. fumigatus sensu stricto group of assayed strains. Genetic similarity coefficients among these isolates ranged from 0.61 to 1.00.
Furthermore and for definitively confirmation of the results obtained by PCR-RFLPs and RAPD, DNA sequencing of benA regions of the selected strains confirmed its identification as A. fumigatus sensu stricto species. After conducting BLAST searches of GenBank with benA sequences as the query, they had high match with published A. fumigatus benA sequences in GenBank showing maximum identities of 99-100% (August 2014, http://blast.ncbi.nlm. nih.gov/Blast.cgi). The obtained benA sequences have been deposited in GenBank under accession numbers KF410677-KF410682, JX277548, JX277549, and KM507481-KM507489 (http://www.ncbi.nlm.nih.gov/nucleotide).
Discussion
In this study, during the in silico PCR-RFLP analysis, tested enzymes were random selected among those available in NEBcutter online tool and the BccI enzyme was chosen due to its ability to distinguish similar morphotypes in the section Fumigati. Application of the PCR-RFLP protocol, development by Staab et al. [15] modified by using primers Bt2a and Bt2b (Glass and Donaldson [25] ), allowed a "screening" of the feed-borne isolates that were all typified as A. fumigatus since they had band profiles according to this species (by in sílico and in situ analysis). This assay allowed discriminating A. fumigatus from A. lentulus and N. udagawae species based on the high interspecies variability of benA gene at intronic regions but is conserved among isolates of the same species. PCR-RFLPs allowed a "screening" of the feed-borne isolates that were all typified as A. fumigatus since they had band profiles according to this species (by in sílico and in situ analysis). This assay allowed discriminating A. fumigatus from A. lentulus and N. udagawae species based on the high interspecies variability of benA gene at intronic regions but is conserved among isolates of the same species. Therefore, digestion of benA amplicons with BccI generated unique banding patterns among these species. However, no polymorphic bands that differentiate A. fumigatus sensu stricto from the other related species in the section Fumigati (such as A. fumigattiafinis, A. novofumigatus, A. viridinutans, and A. fumisynnematus) were obtained. Although, A. fumigatus (sensu stricto), A. lentulus and N. udagawae are considered as the major species into the section Fumigati causing disease in human and animals, Katz et al. [31] Yaguchi et al. [13] and Alcazar-Fuoli et al. [14] have recently reported A. fumigattiafinis, A. viridinutans and A. fumisynnematus species as pathogenic to humans. Soleiro-Pena et al. [17] applied a modification on this method based on the benA digestion with three restriction enzymes BccI, MspI, and Sau3AI to confirm the taxonomic state at species level of a set of 50 clinical (human and animal) and animal environment A. fumigatus isolates from Brazil. Although, in the present study only BccI was applied to digest the benA amplicons, it was the most efficient enzyme for differentiating A. fumigatus (sensu stricto), A. lentulus, and N. udagawae. The MspI enzyme generated similar band patters between N. udagawae and A. lentulus, whereas Sau3AI had the same behavior between A. fumigatus and N. udagawae. The results obtained by PCR-RFLP are in agreement with Soleiro-Pena et al. [17] since all A. fumigatus (sensu lato) were typified as belonging to A. fumigatus sensu stricto species regardless of their isolation source. In fact, as in the present work, no differences between clinical and animal environmental isolates were found. The PCR-RFLPs marker is a reliable methodology that has been applied over the years for fingerprinting of several organisms and systematic studies [32] [33] [34] . However, in the present study, RAPD markers with primers PELF and URP1F were applied to a greater set of A. fumigatus isolates including Argentinian feed-borne strains and Brazilian clinical (human and animal) and animal environment ones [17] to confirm its identification at species level and to determine and compare their genetic variability. All 70 typified strains had similar band patters among them and to A. fumigatus sensu stricto reference strains regardless of their isolation source (animal feeds or human/animal clinical cases) and geographic origin (Argentina or Brazil). These results suggest that A. fumigatus sensu stricto is a predominant species in Aspergillus section Fumigati found in animal environments such as animal feedstuffs as well as in human/animal clinical cases, while other species may be rarely isolated. Using the RAPD approach applied here, Hong et al. [16] evaluated 146 worldwide clinical and environmental (soil) strains of A. fumigatus sensu lato. Of those strains, 140 (95.8%) were identified as A. fumigatus sensu stricto whereas 3 (2.1%) were typified as A. lentulus, and the remaining 3 strains as A. viridinutans complex, Neosartorya udagawae and N. cf. nishimurae. These authors confirm their result by benA sequencing of all typified strains. In the present study, all strains had nearly the same band patterns than A. fumigatus sensu stricto reference strains. Therefore, strains with different band patterns and, thus, different position in the RAPD dendrogram were chosen and sequencing at benA regions for definitively confirmation of the PCR-RFLP and RAPD results. Primers PELF and URP1F, previously selected by Hong et al. [7] were considered as a rapid and reliable method to identify A. fumigatus and A. lentulus. In this study, besides A. lentulus, other related species to A. fumigatus sensu stricto such as A. novofumigatus and A. udagawae were clearly separated from it. Moreover, genetic variability was found at intraspecific level in the A. fumigatus sensu stricto group and isolates seemed to form a homogeneous group with a high degree of similarity among them. Also, no genetic differences between clinical and animal environmental isolates from Argentina and/or Brazil were found. These findings support the results of Debeaupuis et al. [35] and Hong et al. [7, 16] who demonstrate that A. fumigatus sensu stricto strains are genetically homogeneous regardless of their source, and that genetic discrimination in this species was not determined on the basis of the saprophytic or pathogenic origin of the isolates.
In this work, PCR-RFLPs and RAPDs molecular markers were useful to characterize a set of feed-borne and clinical A. fumigatus sensu lato strains isolated from Argentina and Brazil. Furthermore, they allowed determining and comparing their genetic variability. These strains, assigned to A. fumigatus sensu stricto species, may be involved in human and animal aspergillosis. Also, they could come from the environment where this fungus is frequently found. Rural workers and animals would be constantly exposed.
